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a b s t r a c t
In this paper, the discrete Adomian decomposition method (ADM) is proposed to numeri-
cally solve the two-dimensional Burgers’ nonlinear difference equations. Two test prob-
lems are considered to illustrate the accuracy of the proposed discrete decomposition
method. It is shown that the numerical results are in good agreement with the exact solu-
tions for each problem.
© 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Burgers’ equation is a fundamental partial differential equation from fluidmechanics. It occurs in various areas of applied
mathematics, such asmodeling of dynamics, heat conduction, and acousticwaves [1–3]. Due to itswide range of applicability
some researchers have been interested in studying its solution using various numerical techniques. Numerical techniques
for the solution of Burgers’ equation usually fall into the following classes: finite difference, finite element and spectral
methods. For a survey of these methods, one refers to [4–12] and references cited therein.
Recently, considerable attention has been given to Adomian decomposition method (ADM) for solving Burgers’ equa-
tion [13–15]. To the best of our knowledge, the discrete ADM is not yet used to solve Burgers’ equation. The discrete ADM
methodwas first used to obtain the numerical solutions of the discrete nonlinear Schrödinger equation [16]. Inspired by the
work reported in [16], we use the discrete ADM method to solve the two-dimensional (2D) Burgers’ equations. In [4], 2D
Burgers’ equations were discretized in fully implicit finite-difference form. Newton’s method was used to solve this nonlin-
ear system. The convergence and stability of the scheme has also been discussed in [4]. In this paper, we attempt to solve
the nonlinear problem, where the finite difference scheme is a fully implicit scheme.With the help of symbolic computation
software Maple 13, the proposed method is tested and compared with the exact solutions for various Reynolds number R.
The numerical results show that the proposed discrete ADM is an efficient and accurate method for the solutions of the
two-dimensional Burgers’ equations.
The organization of this paper is as follows. In Section 2, a fully implicit finite-difference scheme for two-dimensional
Burgers’ equations is presented. In Section 3, the analysis of the proposed discrete ADM is given. Some numerical results are
provided in Section 4 to illustrate the method. Section 5 concludes the paper.
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2. An implicit finite-difference form for Burgers’ equations
In this study, the following system of 2D Burgers’ equations [4,17] is considered to illustrate the discrete ADM. One can
refer to Refs. [4,17] for more details.
ut + uux + vuy = 1R (uxx + uyy)
vt + uvx + vvy = 1R (vxx + vyy)
(1)
subject to initial conditions:
u(x, y, 0) = f (x, y), (x, y) ∈ D
v(x, y, 0) = g(x, y), (x, y) ∈ D (2)
and boundary conditions:
u(x, y, t) = f1(x, y, t), x, y ∈ ∂D, t > 0
v(x, y, t) = g1(x, y, t), x, y ∈ ∂D, t > 0 (3)
where D = {(x, y)|a ≤ x ≤ b, a ≤ y ≤ b} and ∂D is its boundary, u(x, y, t) and v(x, y, t) are the velocity components to be
determined, f , g , f1, and g1 are known functions, and R is the Reynolds number.
To solve system (1) with initial conditions, Bahadir proposed a fully implicit finite-difference scheme as follows [4]:
1
τ
(un+1i,j − uni,j)+
1
2hx
(un+1i+1,j − un+1i−1,j)un+1i,j +
1
2hy
(un+1i,j+1 − un+1i,j−1)vn+1i,j
= 1
Rh2x
(un+1i+1,j − 2un+1i,j + un+1i−1,j)+
1
Rh2y
(un+1i,j+1 − 2un+1i,j + un+1i,j−1) (4)
and
1
τ
(vn+1i,j − vni,j)+
1
2hx
(vn+1i+1,j − vn+1i−1,j)un+1i,j +
1
2hy
(vn+1i,j+1 − vn+1i,j−1)vn+1i,j
= 1
Rh2x
(vn+1i+1,j − 2vn+1i,j + vn+1i−1,j)+
1
Rh2y
(vn+1i,j+1 − 2vn+1i,j + vn+1i,j−1). (5)
In the above definition, the space domain [0,Nx]×[0,Ny] is divided into anNx×Nymeshwith the spatial step size hx = 1/Nx
in x direction and hy = 1/Ny in y direction, respectively. The time step size τ represents the increment in time. The discrete
approximation of u(x, y, t) and v(x, y, t) at the uniform mesh (ihx, jhy, nτ ) are denoted as uni,j and v
n
i,j, respectively.
3. Discrete Adomian decomposition method
In this section, we describe the discrete ADM as it applies to system of 2D Burgers’ equations, which is a fully implicit
finite-difference scheme. The system of Burgers’ equations in the operator form can be written as follows
D+τ u
n
i,j +
(
Dhxu
n+1
i,j
)
un+1i,j +
(
Dhyu
n+1
i,j
)
vn+1i,j =
1
R
(
D2hxu
n+1
i,j + D2hyun+1i,j
)
D+τ v
n
i,j +
(
Dhxv
n+1
i,j
)
un+1i,j +
(
Dhyv
n+1
i,j
)
vn+1i,j =
1
R
(
D2hxv
n+1
i,j + D2hyvn+1i,j
) i, j ∈ Z, n ∈ N0 (6)
with the initial conditions
u0i,j = fi,j, v0i,j = gi,j, i, j ∈ Z. (7)
The standard forward difference is
D+τ u
n
i,j = (un+1i,j − uni,j)/τ , D+τ vni,j = (vn+1i,j − vni,j)/τ (8)
and Dhxu
n+1
i,j , Dhyu
n+1
i,j , Dhxv
n+1
i,j , and Dhyv
n+1
i,j denote the central differences given by
Dhxu
n+1
i,j =
un+1i+1,j − un+1i−1,j
2hx
, Dhyu
n+1
i,j =
un+1i,j+1 − un+1i,j−1
2hy
,
Dhxv
n+1
i,j =
vn+1i+1,j − vn+1i−1,j
2hx
, Dhyv
n+1
i,j =
vn+1i,j+1 − vn+1i,j−1
2hy
.
(9)
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The standard second order differences D2hxu
n+1
i,j , D
2
hyu
n+1
i,j , D
2
hxv
n+1
i,j , and D
2
hyv
n+1
i,j are given by
D2hxu
n+1
i,j = (un+1i+1,j − 2un+1i,j + un+1i−1,j)/h2x , D2hyun+1i,j = (un+1i,j+1 − 2un+1i,j + un+1i,j−1)/h2y
D2hxv
n+1
i,j = (vn+1i+1,j − 2vn+1i,j + vn+1i−1,j)/h2x , D2hyvn+1i,j = (vn+1i,j+1 − 2vn+1i,j + vn+1i,j−1)/h2y .
(10)
In this method, the linear operator is determined as follows:
D+τ w
n = w
n+1 − wn
τ
(11)
and the inverse operator (D+τ )−1 of this system is defined as(
D+τ
)−1
wn = τ
n−1∑
m=0
wm, n ∈ N0. (12)
Thus (
D+τ
)−1 D+τ uni,j = uni,j − u0i,j, (D+τ )−1 D+τ vni,j = vni,j − v0i,j. (13)
Applying the inverse operator (D+τ )−1 to both sides of Eq. (6), we have
uni,j = u0i,j −
(
D+τ
)−1 (Dhxun+1i,j ) un+1i,j − (D+τ )−1 (Dhyun+1i,j ) vn+1i,j + 1R (D+τ )−1 (D2hxun+1i,j + D2hyun+1i,j )
vni,j = v0i,j −
(
D+τ
)−1 (Dhxvn+1i,j ) un+1i,j − (D+τ )−1 (Dhyvn+1i,j ) vn+1i,j + 1R (D+τ )−1 (D2hxvn+1i,j + D2hyvn+1i,j ) .
(14)
The nonlinear operator of (14) can be defined as:
M1(un+1i,j ) =
(
Dhxu
n+1
i,j
)
un+1i,j , N1(u
n+1
i,j , v
n+1
i,j ) =
(
Dhyu
n+1
i,j
)
vn+1i,j
M2(un+1i,j , v
n+1
i,j ) =
(
Dhxv
n+1
i,j
)
un+1i,j , N2(v
n+1
i,j ) =
(
Dhyv
n+1
i,j
)
vn+1i,j .
(15)
Submitted Eq. (15) into Eq. (14), we have
uni,j = fi,j −
(
D+τ
)−1M1(un+1i,j )− (D+τ )−1 N1(un+1i,j , vn+1i,j )+ 1R (D+τ )−1 (D2hxun+1i,j + D2hyun+1i,j )
vni,j = gi,j −
(
D+τ
)−1M2(un+1i,j , vn+1i,j )− (D+τ )−1 N2(vn+1i,j )+ 1R (D+τ )−1 (D2hxvn+1i,j + D2hyvn+1i,j ) .
(16)
The proposed discrete ADM suggests the expressions of uni,j and v
n
i,j in decomposition forms as follows:
uni,j =
∞∑
l=0
uni,j,l, v
n
i,j =
∞∑
l=0
vni,j,l. (17)
Similar to continuous ADM, the nonlinear operators M1(un+1i,j ), N1(u
n+1
i,j , v
n+1
i,j ), M2(u
n+1
i,j , v
n+1
i,j ), N2(v
n+1
i,j ) can be defined by
the infinite series of Adomian’s polynomials as
M1(un+1i,j ) =
∞∑
l=0
Al, N1(un+1i,j , v
n+1
i,j ) =
∞∑
l=0
Bl, M2(un+1i,j , v
n+1
i,j ) =
∞∑
l=0
Ql, N2(vn+1i,j ) =
∞∑
l=0
Rl (18)
where Al, Bl, Ql and Rl are called as Adomian polynomials. Both the zeroth component (uni,j,0, v
n
i,j,0) and the remaining
components (uni,j,l+1, v
n
i,j,l+1, l ≥ 0) can be determined by using the recurrence relation
uni,j,0 = fi,j
vni,j,0 = gi,j (19)
. . .
uni,j,l+1 = −
(
D+τ
)−1 Al − (D+τ )−1 Bl + 1R (D+τ )−1 (D2hxun+1i,j,l + D2hyun+1i,j,l ) l ≥ 0
vni,j,l+1 = −
(
D+τ
)−1 Ql − (D+τ )−1 Rl + 1R (D+τ )−1 (D2hxvn+1i,j,l + D2hyvn+1i,j,l ) l ≥ 0
(20)
where the Adomian polynomials Al and Bl are evaluated with the following formulae
Al = 1l!
[
dl
dλl
M1
( ∞∑
k=0
λkun+1i,j,k
)]
λ=0
, l ≥ 0
Bl = 1l!
[
dl
dλl
N1
( ∞∑
k=0
λkun+1i,j,k ,
∞∑
k=0
λkvn+1i,j,k
)]
λ=0
, l ≥ 0.
(21)
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The first few terms of the Adomian polynomials An and Bn can be obtained from the above equation:
A0 =
(
Dhxu
n+1
i,j,0
)
un+1i,j,0
A1 =
(
Dhxu
n+1
i,j,0
)
un+1i,j,1 +
(
Dhxu
n+1
i,j,1
)
un+1i,j,0
A2 =
(
Dhxu
n+1
i,j,0
)
un+1i,j,2 +
(
Dhxu
n+1
i,j,1
)
un+1i,j,1 +
(
Dhxu
n+1
i,j,2
)
un+1i,j,0
A3 =
(
Dhxu
n+1
i,j,0
)
un+1i,j,3 +
(
Dhxu
n+1
i,j,1
)
un+1i,j,2 +
(
Dhxu
n+1
i,j,2
)
un+1i,j,1 +
(
Dhxu
n+1
i,j,3
)
un+1i,j,0
B0 =
(
Dhyu
n+1
i,j,0
)
vn+1i,j,0
B1 =
(
Dhyu
n+1
i,j,0
)
vn+1i,j,1 +
(
Dhyu
n+1
i,j,1
)
vn+1i,j,0
B2 =
(
Dhyu
n+1
i,j,0
)
vn+1i,j,2 +
(
Dhyu
n+1
i,j,1
)
vn+1i,j,1 +
(
Dhyu
n+1
i,j,2
)
vn+1i,j,0
B3 =
(
Dhyu
n+1
i,j,0
)
vn+1i,j,3 +
(
Dhyu
n+1
i,j,1
)
vn+1i,j,2 +
(
Dhyu
n+1
i,j,2
)
vn+1i,j,1 +
(
Dhyu
n+1
i,j,3
)
vn+1i,j,0
. . . . . . .
Note that Ql and Rl can be obtained in a similar manner.
4. Numerical examples
In this section, we demonstrate the performance of the proposed discrete ADM by solving two test problems.
Problem 1. The first example compares the numerical solutionswith the exact ones to verifywhether the proposed scheme
leads to high accuracy. Exact solutions obtained using a Hopf–Cole transformation is given as follows [18]
u(x, y, t) = 3
4
− 1
4(1+ e(R(−t−4x+4y))/32)
v(x, y, t) = 3
4
+ 1
4(1+ e(R(−t−4x+4y))/32) .
(22)
The above equation at t = 0 specifies the initial condition. The boundary conditions are also specified by the above equation
and change with time t . In this example, the same Reynolds number R = 80, time step size τ = 10−4, uniform mesh grid
hx = hy = 0.05 are used for all problems but the time t is different. According to Eqs. (19) and (20), one can obtain:
uni,j,0 = fi,j =
3
4
− 1
4(1+ e−0.5i+0.5j)
vni,j,0 = gi,j =
3
4
+ 1
4(1+ e−0.5i+0.5j)
(23)
uni,j,1 =
1.25× 10−4n(e−0.5i+0.5+0.5j + 3e−0.5i−0.5+0.5j − 4e−0.5i+0.5j − 2e−i+0.5+j + 4e−i+j − 2e−i−0.5+j)
(1+ e−0.5i−0.5+0.5j)(1+ e−0.5i+0.5+0.5j)(1+ e−0.5i+0.5j)
vni,j,1 = −
1.25× 10−4n(e−0.5i+0.5+0.5j + 3e−0.5i−0.5+0.5j − 4e−0.5i+0.5j − 2e−i+0.5+j + 4e−i+j − 2e−i−0.5+j)
(1+ e−0.5i−0.5+0.5j)(1+ e−0.5i+0.5+0.5j)(1+ e−0.5i+0.5j)
(24)
uni,j,2 = 3.9× 10−7n(1+ n)(0.57e−0.5i+0.5j + 2.77e−i+j + 2.88e−1.5i+1.5j − 1.67e−2i+2j − 3.91e−2.5i+2.5j
− 2.22e−3i+3j − 0.52e−3.5i+3.5j)/((1+ 0.61e−0.5i+0.5j)(1+ 1.6e−0.5i+0.5j)2(1+ e−0.5i+0.5j)2
× (4+ 2.4e−0.5i+0.5j)(2.5+ 0.92e−0.5i+0.5j)(2.5+ 6.8e−0.5i+0.5j)) (25)
vni,j,2 = −3.9× 10−7n(1+ n)(0.57e−0.5i+0.5j + 2.77e−i+j + 2.88e−1.5i+1.5j − 1.67e−2i+2j − 3.91e−2.5i+2.5j
− 2.22e−3i+3j − 0.52e−3.5i+3.5j)/((1+ 0.61e−0.5i+0.5j)(1+ 1.6e−0.5i+0.5j)2(1+ e−0.5i+0.5j)2
× (4+ 2.4e−0.5i+0.5j)(2.5+ 0.92e−0.5i+0.5j)(2.5+ 6.8e−0.5i+0.5j))
. . . .
Other components can be obtained aswell but they are not listed here. The final numerical solutions uni,j and v
n
i,j are evaluated
using the 4-term approximations, which are given below:
uni,j ≈ uni,j,0 + uni,j,1 + uni,j,2 + uni,j,3
vni,j ≈ vni,j,0 + vni,j,1 + vni,j,2 + vni,j,3. (26)
Figs. 1 and 2 show the discrete ADM approximate solutions of u(x, y, t) and v(x, y, t) for R = 80, τ = 10−4 at steady state,
respectively. The numerical solutions for different times and different locations are given in Tables 1 and 2. Tables 1 and 2
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Fig. 1. A numerical illustration of approximation solutions u(x, y, t) by discrete ADM at R = 80, τ = 10−4 , t = 0.5.
Fig. 2. A numerical illustration of approximation solutions v(x, y, t) by discrete ADM at R = 80, τ = 10−4 , t = 0.5.
show that the proposed discrete ADM achieves an excellent approximation with the exact solutions of the equations by
using only four terms of the decomposition series.
Tables 3 and 4 show the results of the discrete ADM in comparison with Bahadir’s [4]. A good approximation with the
actual solution of the equations is achieved by using only four terms of the decomposition. The absolute errors demonstrate
that the numerical approximation of discrete ADM performs slightly better than Bahadir’s at t = 0.01. It achieves similar
results as those of Bahadir’s at t = 0.5. The experimental results show that the discrete ADMmay serve as an alternative to
the solution of nonlinear problems in engineering.
Problem 2. In the following example, we consider the 2D Burgers’ equations, with the initial conditions u(x, y, 0) = x+ y,
v(x, y, 0) = x− y, and the exact solutions are as follows [17]:
u(x, y, t) = x+ y− 2xt
1− 2t2
v(x, y, t) = x− y− 2yt
1− 2t2 .
(27)
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Table 1
Comparison of the numerical results by DHAM with exact solutions u(x, y, t) at R = 80, τ = 10−4 , and different time t .
Mesh point t = 0.05 t = 0.2 t = 0.5
Numerical Exact Numerical Exact Numerical Exact
(0.1, 0.1) 0.61733 0.61720 0.59465 0.59438 0.55601 0.55567
(0.9, 0.2) 0.50020 0.50020 0.50013 0.50014 0.50004 0.50006
(0.8, 0.3) 0.50147 0.50148 0.50098 0.50102 0.50029 0.50048
(0.7, 0.4) 0.51046 0.51052 0.50714 0.50733 0.50277 0.50352
(0.9, 0.5) 0.50395 0.50398 0.50266 0.50275 0.50086 0.50130
(0.1, 0.6) 0.74810 0.74811 0.74723 0.74725 0.74435 0.74426
(0.8, 0.6) 0.52658 0.52667 0.51867 0.51896 0.50922 0.50933
(0.3, 0.7) 0.74491 0.74492 0.74264 0.74267 0.73527 0.73498
(0.4, 0.7) 0.73663 0.73665 0.73102 0.73103 0.71370 0.71299
(0.2, 0.8) 0.74930 0.74930 0.74897 0.74898 0.74789 0.74786
(0.6, 0.8) 0.71677 0.71676 0.70457 0.70439 0.67009 0.66979
(0.1, 0.9) 0.74990 0.74990 0.74986 0.74986 0.74971 0.74971
(0.9, 0.9) 0.61733 0.61720 0.59465 0.59438 0.55601 0.55567
Table 2
Comparison of the numerical results by DHAM with exact solutions v(x, y, t) at R = 80, τ = 10−4 , and different time t .
Mesh point t = 0.05 t = 0.2 t = 0.5
Numerical Exact Numerical Exact Numerical Exact
(0.1, 0.1) 0.88267 0.88280 0.90534 0.90561 0.94399 0.94432
(0.9, 0.2) 0.99980 0.99980 0.99987 0.99986 0.99996 0.99993
(0.8, 0.3) 0.99853 0.99852 0.99902 0.99898 0.99971 0.99952
(0.7, 0.4) 0.98954 0.98948 0.99286 0.99267 0.99722 0.99648
(0.9, 0.5) 0.99605 0.99602 0.99734 0.99725 0.99913 0.99869
(0.1, 0.6) 0.75190 0.75189 0.75277 0.75275 0.75565 0.75574
(0.8, 0.6) 0.97342 0.97333 0.98133 0.98103 0.99078 0.99067
(0.3, 0.7) 0.75509 0.75508 0.75736 0.75733 0.76473 0.76502
(0.4, 0.7) 0.76336 0.76335 0.76898 0.76896 0.78630 0.78701
(0.2, 0.8) 0.75070 0.75070 0.75103 0.75102 0.75211 0.75214
(0.6, 0.8) 0.78323 0.78324 0.79543 0.79561 0.82991 0.83020
(0.1, 0.9) 0.75009 0.75009 0.75014 0.75014 0.75029 0.75029
(0.9, 0.9) 0.88267 0.88280 0.90534 0.90561 0.94399 0.94432
Table 3
Comparison of absolute errors for u(x, y, t) at R = 100, k = 10−4 , and different t .
Mesh point t = 0.01 t = 0.5
Proposed method Bahadir [4] Exact Proposed method Bahadir [4] Exact
(0.1, 0.1) 5.91368E−5 7.24132E−5 0.62305 2.77664E−4 5.13431E−4 0.54332
(0.5, 0.1) 4.84030E−6 2.42869E−5 0.50162 4.52081E−4 8.85712E−4 0.50035
(0.9, 0.1) 3.41000E−8 8.39751E−6 0.50001 3.37430E−6 6.53372E−5 0.50000
(0.3, 0.3) 5.91368E−5 8.25331E−5 0.62305 2.77664E−4 7.31601E−4 0.54332
(0.7, 0.3) 4.84030E−6 3.43163E−5 0.50162 4.52081E−4 6.27245E−4 0.50035
(0.1, 0.5) 1.64290E−6 5.62014E−5 0.74827 2.86553E−4 4.01942E−4 0.74221
(0.5, 0.5) 5.91368E−5 7.32522E−5 0.62305 2.77664E−4 3.46823E−4 0.54332
Table 4
Comparison of absolute errors for v(x, y, t) at R = 100, k = 10−4 , and different t .
Mesh point t = 0.01 t = 0.5
Proposed method Bahadir [4] Exact Proposed method Bahadir [4] Exact
(0.1, 0.1) 5.91368E−5 8.35601E−5 0.87695 2.77664E−4 6.17325E−4 0.95668
(0.5, 0.1) 4.84030E−6 5.13642E−5 0.99838 4.52081E−4 4.67046E−4 0.99965
(0.9, 0.1) 3.41000E−8 7.03298E−6 0.99999 3.37400E−6 1.70434E−5 1.00000
(0.3, 0.3) 5.91368E−5 6.15201E−5 0.87695 2.77664E−4 6.25402E−4 0.95668
(0.7, 0.3) 4.84030E−6 5.41000E−5 0.99838 4.52081E−4 4.66046E−4 0.99965
(0.1, 0.5) 1.64290E−6 7.35192E−5 0.75173 2.86553E−4 8.72422E−4 0.75779
(0.5, 0.5) 5.91368E−5 8.51040E−5 0.87695 2.77664E−4 6.23291E−4 0.95668
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Table 5
Comparison of numerical solutions with the exact solutions for u and v at t = 0.1, N = 20. Error 1 = |Numerical–Exact u(x, y, t)|, Error 2 =
|Numerical–Exact v(x, y, t)|.
Mesh point Numerical Error 1 Numerical Error 2
(0.1, 0.1) 0.18368 3.30750E−6 −0.02041 1.05384E−6
(0.3, 0.1) 0.34694 5.56160E−6 0.18368 3.30770E−6
(0.2, 0.2) 0.36735 6.61520E−6 −0.04082 2.10766E−6
(0.4, 0.2) 0.53062 8.86940E−6 0.16327 2.25400E−6
(0.1, 0.3) 0.38776 7.66930E−6 −0.26531 7.52340E−6
(0.3, 0.3) 0.55103 9.92330E−6 −0.06123 3.16150E−6
(0.2, 0.4) 0.57144 1.09769E−5 −0.28572 8.57700E−6
(0.3, 0.4) 0.65307 1.21040E−5 −0.18368 6.39600E−6
(0.5, 0.5) 0.91838 1.65386E−5 −0.10205 5.26920E−6
Table 6
Comparison of numerical solutions with the exact solutions for u and v at t = 0.4, N = 20. Error 1 = |Numerical–Exact u(x, y, t)|, Error 2 =
|Numerical–Exact v(x, y, t)|.
Mesh point Numerical Error 1 Numerical Error 2
(0.1, 0.1) 0.17657 1.01945E−4 −0.11729 3.54833E−4
(0.3, 0.1) 0.23585 5.58724E−4 0.17657 1.01946E−4
(0.2, 0.2) 0.35314 2.03891E−4 −0.23458 7.09666E−4
(0.4, 0.2) 0.41242 6.60670E−4 0.05928 4.56779E−4
(0.1, 0.3) 0.47044 1.50942E−4 −0.64574 1.31739E−3
(0.3, 0.3) 0.52972 3.05837E−4 −0.35188 1.06450E−3
(0.2, 0.4) 0.64701 4.89963E−5 −0.76303 1.67222E−3
(0.3, 0.4) 0.67665 1.79393E−4 −0.61610 1.54578E−3
(0.5, 0.5) 0.88286 5.09728E−4 −0.58646 1.77417E−3
The computational domain has been taken as D = {(x, y) : 0 ≤ x ≤ 0.5, 0 ≤ y ≤ 0.5}. The study compares the presented
discrete ADM with the exact solutions, the problem is solved at t = 0.1 for uniform mesh grid hx = hy = 0.025 and
τ = 10−4. According to Eqs. (19) and (20), the numerical solutions of this problem are
uni,j,0 = ihx + jhy
vni,j,0 = ihx − jhy (28)
uni,j,1 = −2nτ ihx
vni,j,1 = −2nτ jhy (29)
uni,j,2 = 2nτ 2(ihx + jhy + nihx + njhy)
vni,j,2 = 2nτ 2(ihx − jhy + nihx − njhy) (30)
uni,j,3 = −2nτ 3ihx(2n2 + 5n+ 3)
vni,j,3 = −2nτ 3jhy(2n2 + 5n+ 3) (31)
. . . .
More components in the decomposition series can be computed to enhance the approximation. In view of Eqs. (28)–(31),
the solutions are obtained in series form as
uni,j = ihx + jhy − 2nτ ihx + 2nτ 2(ihx + jhy + nihx + njhy)− 2nτ 3ihx(2n2 + 5n+ 3)+ · · ·
vni,j = ihx − jhy − 2nτ jhy + 2nτ 2(ihx − jhy + nihx − njhy)− 2nτ 3jhy(2n2 + 5n+ 3)+ · · · . (32)
The numerical solutions for arbitrary Reynolds number R are listed in Tables 5 and 6, respectively. The approximate solutions
by the proposed method are illustrated in Figs. 3 and 4. In this problem, the ten terms of the decomposition series are used
in discrete ADM. Comparing Tables 5 and 6, it can be seen that the approximation solutions by discrete ADM agree with the
exact solutions at a certain time t . Therefore it is concluded from Problem 2, the discrete ADM is an accurate and efficient
method to solve a nonlinear system of equations.
5. Discussions and conclusions
In this paper, the discrete ADM had been successfully applied to find the solutions of two-dimensional nonlinear
difference equations. The efficiency and accuracy of the proposed decomposition method was demonstrated by two test
problems. The experimental results show that the proposed discrete ADM is a reliable tool to solve two-dimensional Burgers’
equations. It may also be a promising method to solve other nonlinear partial differential equations.
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Fig. 3. A numerical illustration of approximation solutions u(x, y, t) by discrete ADM at τ = 10−4 , t = 0.1.
Fig. 4. A numerical illustration of approximation solutions v(x, y, t) by discrete ADM at τ = 10−4 , t = 0.1.
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